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FOREWOHD

This report was prepared by Albert C. Rayner, Chief,
Reports and Publications Division and Culbertson W. Hoss,
Engineer, Hessarch Division, Beach Erosion Board.

The study was a cooparative affort of Lhe Beach Erosion
Beard and a number of District Offices of the Corps of
Engineers along the Atlaritic Coast. The plan of operations
was developed by and the first inspection was made under
the supervision of Mr, Halph F. Rhodes, Engineer, Savanmah
Mstrict. Subssguent inspections were under the supervision
of Mr, Jay V. Hall, Jr., Enginser, Beach Erosion Hoard. Ack-
nowledgment is made to the many owners of structures who
contributed to the study by permitting drilling and measure-
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DURABILITY OF STEEL SHEET PILING IN SHORE STRUCTUBES

INTRODUCTION

l. As a basis for more accwrate estimates of the useful life of
steel sheet piling, the Beach Erosion Beard, in cooperatiofi with a mumber
of District officas of the Corps of Engineers, made a survey of ths rate
of deterioration of steel sheet piling. MNinety-four structures located
along the Atlsntic Coast of the United Stateas and the Gulf Coast of Flarida
were sxamined. The structures were selected for vearious conditions of ex—
posure and treatment., Most were exposed to normal sea water or sea water
only moderately diluted with fresh water. A few were sxposed to fresh
water with only occcasional intrusions of pea water.

2. Measirements were made of the thickness of the webs of 153 groups
of piles. In most cases, each group comprised 5 piles having similar
environment and three sets of measurements were mede covering thes perled
of approximately 10 years from 1936 to 1946. Where practicable, mesasure-
mants were taken at several slavations on each pile %o include both tidal
and atmospherie exposures. The removal of piling from structures at two
locations permitted measurement of the entire length of each pile to ob-
tain data on rates of loss under wabter and in earth.

TYPES OF STRUCTURES INVESTIGATED

3. The piling groups studied are classified by type of structure
as harbor bulkheads, beach bulkheads, and groins. Harbor bulkheads arae
found in wharves, piers, slips and retaining walls, all of which are pro-
tected to some extent from wave action. Backfill generally protects one
surface of the piling, but the top portion of the pilss may be exposed
%o the atmosphere on both sides. The poriion between the levels of high
and low water is exposed to albternate wetting or dryinz. The third portion
is always under water, and the lowest portion is buried in the harbor
bottom. Beach bulkhsads are located along the shore to protect the land
from storm waves, Those located back of the high water line are nobt subject
to frequent wetting, except by salt spray from waves. The back{ill and
the beach materlal are usually sand, but occasionally consist of coarser
materials, Oroins are structures bullt along the beach generally normal
to the shore line to ratard littoral currents near the shora with a view
to accumulating or retaining besch materlal in a2 specific area. OSome part
of the groin surface is normally subject to rapid movement of beach
material caused oprimarily by wave actdon. The exposure of jettiss is gen-
arally similar to that of groins. Several pils groups in jetties have
been classified with and snalyzed with those in groins.

LOCATIONS OF STHRUCIURES

4« In order to have distinct differences in climetdie conditions,
structyres were salected by reglons northward from Point Plsasant, New
Jarsey, and southward from Wilmington, Morth Carclina. A number of zroins



located at Cape May and Cape May Point, New Jerssy, wers also observed
during the investication, but were nol measured. No suitable beach bulk-
heads or groins were found north of Long lsland, New York.

5. The various locations at which stesl sheet piling was measured
or observed are shown on Fignre 1 (frontispiece). The locations of the
individual structures and piling groups, as well as exposure characteristics
and other pertinent details, are given in Appendix A.

MEASUREMENTS OF THICKNESS OF PILING

6., The thiclmess of the web of each pile was determined by & or 10
measurements at sach inspection. Rust, paint, and scale were carafully
cleaned from both surfaces of the web befora the measurements were made.
Where practicable, 10 measurements were made near the top of ths pile by
means of a large fst.ridj_ng} micrometer. Where it was impossible to use
the striding micrometer, a 3/4-inch hole was drilled through the web and
B equally spaced masasurements were mede around this hole with a small
micrometer caliper (lmb micrometer). Where there was backfill which could
not be excavated, a small amopunt of the backfill material was removed
through the hole, paper was forced into the savity to form a lining and
the inner swrface of the stesl was cleaned with special scrapers operated
through the hols.

7+ Where practicable, measurements were made of the thickness of
sound matal in the web of each pile at fowr zonss defined relative to
tidal planes, neamely approximately at mean low water, mean btide level,
maan high water and above high tide, After the measurements were complsted,
the holes were filled with soft iron or lsad plugs. UNew holes several
inches from the old holea were drilled for the measurements at subseguent
inspections. Averages of measursed thicknessss by groups for each inspectiocn
are given in Table 1, classified by zones relative to fidal planes. The
tabulated values are ususlly averages of &t least L0 mesasurements, as in
ganeral each group comprised 5 pllas and 8 or 10 measurements were made of
eagh pile in each zens., Data for piles which were pulled and measured
throughout their lergths are given in Table 2.

OTHER DATA ASSEMBLED

8. Data relating to geographical locations, date of installation,
condition of piling when installed (new or used) end nominal thickness o
pilire ars given in Table 1. Uata are presented elassifisd by type of
structbure.

9, Other data recorded when praoticable in connection with the
investigation are as follows:



8. Manufacturer i, Tidal range

b. Section of piling J+ Nature of adjacent materials
ce Copper content, if any k. Typs of capping, if any

d. Distance from nearest breakers 1. Condition of paint at each
¢+ Exposure to direct wave action inspection

f. Estimated intensity of currents m. Amount of rusting & pitting
gs Salinity (estimated averase condition) n. 0il or greass scum

h. Follution 0. Marine life

48 none of the foregoing factors appeared to be of major importance in
determining the durability of steel piling, the detailad data on thase
factors are not tabulated. However, much of the data obtained are included
in Appendix A. Data on beach materials, cbtained for soms bezch bulkheads
and groins, are glso ineluded in Appendix A.

RELIABILITY OF MSASUREMENTS AND COMPUTED RATES OF LOSS

10. The web thickness of the piles was measured with micrometers read-
ing to 0.001 inch. The micromelters were checked and adjusted frequently.
Although the measurements wers at times made under difficult conditions, the
mumbar of measurements is considered adequate to render ths effects of
random errors and pitting unimportant.

1l. As the measurements were made by a number of inspectors, it is
possible that the swrfaces were not always cleansd to the sams degree.
However, it is unlikely that errors from this source ars serious, as this
typa of error is compamaating.

}J2« Since the second and third sets of measuremsnts were made at
holes drilled several inches from the old ones, an error was introduced
in the computed rate of loss of steel in cases where the original web
thickness was not uniform. The webs of most new piles are of nearly uni-
form thickmess, but in certain types the thickmess of the webs increasss
markedly from the center towards the edge. In known cases of thess latter
types, the naw holes were dgilled either vertically above or below the
old holes. However, there are certain groups In which the change in
thickness was less noticeable and in a few cases an increase in messuraed
thickress resulited, presumably because of the change in the location of
the hioles.

13, The pominal thickness, as well as the measurements of the webs,
was generally used in computing changes in thickness. Variations in
thickness of new piling result from wear or lack of adjustment of the
rollers. A weipht tolerance of 2% per cant either way from listed welghts
is standard parmissible mill varistion. Thae firast msasurements wers
frequently greater than the nominal thickness by more than 23 per oent,
indicating that the mills tended to produce piles which were ovarthick.
When the web thickness determined from the first messurements sxcaeded
the nominal thickness, the lormer has been taken as bthe initial thicimesa
in computinz lossas.



14 The affect of srrors in the determinstion of the thicknass on
the anmual rate of loss decreases with tlme. The error of the rate of
logs, as given in Table 1, is probably seldom larger than 0.002 inch per

year.

15. The computed losses of thickness are losses from all csuses.
The two causes which are belisved to be prineipally responsible are:
(a) eorrosion, defined herein as loss dus to chemical reaction with the
environment, and (b) abrasion, loss dus to wearing away by friction of
moving materials, The latter appears to be an important faotor in the
case of groins, although the removal of rust and exposurs of bare steel
by abrasion may accelsrate the corrosive procaess.

PRINCIPAL FACTOHS AFFECTING THE RATE (F DETERTORATION

16. A1l dats assembled in connection with the investigation, as
listed in a previous paragraph, have been considered toc determine their
significance relative to the rate of deterioration of piling. The number
of variables sonsidersd which may have an effect on the rate of loss of
steel is so large that even the number of measuremsnts made in this
survey is inadequate to cover all conditlons thoroughly. Data secured
appeared adequate to warrant general conclusions by comparison of rates
only under the following categoriss:

4. Type of structure

b« Geographical location

te« ©2Zone ralstive to tidal planes
d. 3Sand, earth or other cover

2. Exposure to salt spray
f. Paint protection.

Table 3 contalns data on rates of loss for various conditions under thess
categories. The summary at the end of the table snables comparison of
ratas of loss in the several categories.

17. Type of Structuwres. The average rates of loss of thickness by
types of structure were as follows:

Harbor bulkheads {all measursments) 0.0033 inch per year
Beach bulkheads (" n g 0016 " noon
Groins and jetties " " 0016 v U |

Comparison of these ratas indicates a durability of steel shest piling in
harbor bulkheasds about 5 times that in other shors structures,

18, Obssrvation of perforation of groilns at Cape May and Capa May
Point, Hew Jersey, provides sdditional data on rates of loss. 411 of
these proius werse ‘built of pilinglevirg nominal web and flange thicknesses
of 0.281 and 0.250 inch respectively. Some holes were observed after
4 years, indicating a maximum annuwal rate of loss of about 0.06 or 0.07
ingch. The average time in which holes first appeared was about 7 years,

4



indicating a rata of loss of zbont 0.04 inch per year. &8 may be ex-
pected, the rates indicated by thess observations are Larger than
average rates derived from measured holes, since the perforations
naturally cccur at points of worst exposure. Howewver, natural helsa
observed in measured plling (lables 1) provide sxamples of 2imilar rates
of logs. A more detasilsd study of deterioration of steel piliny in
groing is conbained in a previous publication (1),

19. {eographical Location. Thes average rztes of loss of thickness
for northern and scuthern regions for the thres Ltypes of strocturss wera
as follows:

Harbor Beach Grodns and

Bulkheads Bulkheads Jetties
degion lnch {lxaar Inch/fyear Inch/year
Southern 00062 0017 J.018
Northern 00023 0.0075 0.011

Comparison of these rates indicates a durability of steel piling in
the Nerthern Hegieon sverazing sbout double bhat in the Southern Rsgion.
Hewever, the mumber of msasurements of groin pilling in the Northsen
tegion was relstively small, Observations of natural perforations in
unmeasured pilas in New Jersey indicate high rates of loss, similar teo
bLhoss experisnced in tha Soubth. A general conclusion that steel piling
in proins hes materially creater durzbility in the Horth than in the
South appesars to be unwarranted.

20. Zona Helative to Tidal Flanes. The average rates of loss of
thickness for the ssverzl zones relative to tidal planss were as followst

Harhor Daach Grolmsand
Bulkhesds Sulkneads Jatties
Zone Inch /y=ar Inch/year Inahgigar
8" above MHW 0020
3t to B! abova MHW  0.,0049 0«02 })g‘gm
2' to 57 above MHW D001
Mean hign water 00027 00074 00055
Masan tide leval 0.0024 0,001 0024
Mean low water 00035 0,002 0.028 ¢

Comparison of rates for harbor bulkheads indigates little differsnce in

the tidal zone from mesn low water to mean high water. Above mean high

water a rate sbout 70 per cent greater than the averags rate in the

tidal zons 1s indicated. For beach bulkheads, the rates for the area

more than 5 feet above mean nigh water were somswhat more than double the rates

(1) Beach Erosion Spard, Technical Memorandum Ne. 10, "Experimsntal Stesl
Sheet Pila Oroins, Palm Beach, Florida"




or Lhe z2réa belween mean high water and 5 leet above mean high water. Piling
al only two localions was measured below msan high water. In each case
sand covared the zons at least pard of the time and the rates of loss
ware negligible. TFor groins and jettiss, rates for areas at and above
mean high water averaged about one~third of the rates for the aregas ex-
posed do tidal and wave action.

21, Measuremsnts of pulled sbeel piling miven in Table 2 provide
data on deterioration by zones below mean low water. [From mean low water
to the ground line, the zone conbtlimiously submerged, the rate of loss
aversged 0.0035 inch per year, the highest rates being within z few feet
below the mean low water lins. In the Miami groups lesser peaks in the
Tata also appeared’ just above the ground line. Below the ground line
the average rate of loss was slieghtly under 0.002 inch per yoar.

2l. | Measurements of pulled stesl piling given in Table 2 provide
data on deterioration by zones below.-mean low wabtar:. From mean

\water to the ground lins, the gone confinucusly submerged, the rate
‘of loss averaged 0,0035 inch per wear, the highest rates being within

o Paw faat:‘.tbelow the mean lew water line, “In the Miami groyps lesser.
pedks in bhe rate also appeard#d jusbt above ths ground lina. Below the
ground line ‘the average rate of Toss was slightly undsr 0.002 inch psr
year.

22, Band, Earth or Other Cover. The average rabes of less of thick-
nass for several conditions of cover were as follows:

Harbor Jassch Greins and
Bullkh=ads Bulkhesds Jatties
Cover Tnch,/year Ingh T Insh/year
Ne cover on either surface of
pile (NN) 0.0075 0027 0.019
One surface never covered, cther
covered pert time (NP) 00076 0.020 04014
Cne surface only coversd (NI) 0,0026 0.0094 0.020
(ne surface always cuvered, other
covered part time (FC) 0.0065 0.0057
Both surfsces covered part time
(BF) 0.017
Both surrfaces always covered (U0) 0.0017 0.,0026

Compariscn ol rates for harbor bulkneads indicates that lack of backfill for
all or pert of the time greatly increases Lhe rate of loss. For beach
bulkheads the rate of loss rapidly decreased as the cover increassd. For
groing and jetiies the rates of loss were uniformly high except for thoss
covered on both sides all aor part of the time.



L s DALIJEUL S we SRes —je ey « gy, —afAe ot LOSS ﬂf tr}ﬂ_‘cy-
nesg for several conditions of axpoaum to salt spray follow. £&11

beach tmlkheads, groins and jetiies are considered to be subleet beo
heavy spray.

Harbor Beach Oroins and
Spray Bulkhead Bulkhead Jotties
Condi tion Inch/year Inch/year Inch/year
Haawvy 0.0083 D.016 0.016
Moderate 0..0041
Light or nons 00024

Comparisen indicates much higher rates of loss where piling is subject
te salt spray.

24e Paint Pretaction., The averapge rates of loss of thickness
without painting and with painting on ons o mors occasions were z=s
follows:

Harbor Baach Groeins and
Bylkhaads fnlkheads Jettias
Painting Inch,f;;gar Tneh/year Inch fysar
HNone 0.0045 0.018 0.020
At leaﬁt Orice Q-GDE? DIG].]. G-Dlﬂ

Somparison indicates a substantizlly lower rate of loss for structures
that had been painted at least once. Data on composition of paints and
tha manner of application are too limited %o permit study of these
factors, Few of the strustures studied were painbed regularly. The fact
that occasional painting reduced the rate of loss substantially indicates
that regular painting would result in grsater reductlon. Determination
of the economiec justification of regular painting would reguirs study of
painting costs. Az rates of loss fer beach bulkhaads are hizh and as
painting of thess structurss is less costly than complete palnting of
harbor bulkheads, regular painting of besch bulkheads may bs justifiad.
Ihe same is true of the zone above mean hipgh water of harbor ulkheads.
Painting of zroins and jetiiss the tidal zone, subject o abrasive
agtion, probably could nol bs justified,

CONCLUSIONS

25, The mean rate of loass of thickness of stesl sheet piling based
on a total of 451 welghted averages was about 0.008 inch p3r year. The
rates of loss vary materially under different snviromrental conditions.
Consequently, different types of structure and the several portions of
the same structure have different ratss of loss. In addition to specific
rates of loss under various conditions, prasenied in previocus paragraphs,
the data are adequate to warrant the following general conclusionsi



as The rates of logss are much lower for tarbor bulkhsads
than for other shore structures studled;

be Ths rates of loss are lower in the easbern and northeast-
arn Thaited States for harbor and besch bulkheads than in southeastern
United States;

t. The rates of loss for beach and harbor bulkhsgds are
materially higher for surfaces above mean hizh water than for surfaces
within the tidal rangsa. The rates of loss for groins and jetties are
mich prester at mean tide and mean low water levels than at higher
alevations,

d. Band or sarth cover materially decreasss the rate of loss,
the rates of lose for all praghticzsl purposes being negligible feor piling
always covered on both sidas;

2. Exposure to salt spray greatly increases the rate of loss;

fo. Painting, eithsr initdially or at irregular intervals,
materially reduces the rate of loss.

26. The uwseful 1life of steel sheet pile structures depends on the
eriginal thickness of the steel, the rate of loss of thickmess, and the
thickness of the piling when the structure is no longer useful because
of loss of thickness. The dats presanted in the tables will enabls the
designer to estimate the probable life of a structura, giving dus
gonsideration to environmental factors, and to determine the justifiecation
of protective coverings such as paini, concrete or wood sheathing to
reduce the rate of loss in the more vulnsrable portions of the structura.
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Part 3 - Groins and Jatiies

2, Southern Ragion

Above

Cover MHW KW MTL TV
i £1f/2 =31 s56/8 =7.0 368/ 95 =41 73 =26
P 25/ 3 =83 u/2=7 56/ 2 = 28
N 93/ A =16 20/ 4 =5.0 152/8 =19 213/ 6 = 37
PP B2 = 440 56/ 2 = 30
FC 6/2 =30 6/2= 3.0 R/2=¢6 23/ 1 =23
(o] B3 2 2.7 1/ 2 = 0.5 3/ 2 = 45
Faint
N 113/10 = 11 102/15 = 6.8 491/13 =38 303/ 9 = 34
I 35/3 =12 L/ 6=2.3 355/8=6.9 140/7 =20
11 in Seuthern

fegion 1AB/13 = 11 114/21 = 5.5 546/21 = 26 443/16 = 28
W11 Zonszs in

Southern Hegion 1253 /71 = 18

5. Neorthern Tesion

Cover
1010} 2f1l =2 39/ 7 = 5.6 1/1=1 28/ 1 =28
EC 2/1=2 2/ 1 =2.0
e /1 = 7.0 108/ 5 =22
Paint
) 2/ 1 =2 Lo/ 7 = be 28/ 1 =28 268/ 1 =28
I 2/1=2 2/2 =1 g1/ 5 = 16
All In Mortharn

Region L2 =2 4B/ 9 =5,3 1og/ 6 =18 28/ 1 =28
211 Zovies in

Kortharn seglon 9/18 = 11
411 Greodlns and

Jentics 152/15 = 10 1&4/30 = 5.5 655/27 =24 47117 = 28
Average for all Zones 1442/89 = 14
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DURABILITY OF STEEL SHEET PILING
IN SHCRE STRUCTURES

APPENDIX A

MISCELLANEQUS DATA

4dditional data oblained during tha invesgigation are assemblad in
this appendix, arrangsd by gmug number as in Table 1. Unnumbered groups
for Wiami and Baksrs Haulover, Florida, =nd Cape May and Cape May Point,
Kaw Jersey, arranged in geographical order, are alsc inelndad. All
alevations are referred to local mean low watar.

Part 1 — Harbor Bulkhsads

dronp

thumber

1 Location — Tampa, Florida, Davis Island Hospital facing 3eddon
channel.

Exposure — Protected from waves except from passing boats.

Condition of Water — Follution by industrial wasts and domestic
sewage causes deposit of sgum on the piles in high
tlde zone.

Marine Life - Oysters, barnacles, and green algaa.

Mean [idal Hange — 1.8 feet

Fainting - Some years previous to lst inspection. Scraped and
painted }hortly after lst inspection.

Conditien — By 19.1 years, rust secale 1/4 inch thick on uppar part
of piles, large heles 1in webs at tops of piles where
not protected by backfill.

2-3 Location — Tampa, Florids, 4 miles S& on E sids Hillsboro Bay,
wharf of Amarican Cyanamide Company.

Steal - Copper bearing.

Bxposure — Waves of Hillsboro Bay, fetech W 4 milss, SW 10 milbs.
Marine Life - Oysters, mussals and barnscles.

Mean Tidzl Range -~ 1.8 feet

Covar - Group 2 fapes W, exposed fo atmosphers on both sides above
MIW, Oroup 3 faces S, protected by fill on lapd side.

A=l




Painting - Bituminous paint when installed. Foreed off by rust
in spots by 6.3 years. Almost completely gona by 10.4

FaaTS .

i
Condition - Group 2, by age 16.3 years, heles in flanges at Lops
of pilzs.

Location - Sarasota, Fleorida, NEcomer of City lsland near innsr
end of New Pass, W side of Sarasota Bay,

Exposure - Waves from NE in Sarasotz Bay, fetch 3 miles.
Marine Life - Uysters, barnaclss and mussels.

Mean Tidal Hange - 1.3 feet,

Cover — Tops not protected by backfill.

Condition - By 20.4 years, tops in bad condition, lsrga arsas of
webs entirely gons, rust nearly 1/2 inch thick on remain-

ing parts.

Location - Fort Uyers, Florida, E shore of Ualoosahatchee River, 2
miles S of Fort Mysrs, estate of Dr. V. Piatti.

Stesl - Copper bearing.

fxposure - Waves in river, fetch N and W, 1 to 2 miles.
Marine Life - Barnaclss, oystars and green algae.

Mean Tidal Range - 1 footb.

Cover - Front only exposed, top protected by concresta cap.

Condition - By 1?+1';fears, rust 1/2 inch thick on upper part of
structure.

Location - Miami Beach, Florida, Corps of Enginsers bulkhead N side
of entrancge channel to Miami Harbor.

Exposure - VWaves in 3iscayne Bay, Tetech 57 0.6 mlle,

Condition of Water - Hecords of USJ & G3 Feb—Jun 1940, mean density
corracted to 15 C 1,0268 (salinity 36.0).

WMean Tidﬂ.l Rangﬂ = 2-5, -
Painting - Shop cost of oozl tar base paint.

Comdition — By 5.2 years, paint complstely gone, rust about 1/3 imch
tlhiﬂnkp
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Group

Number

Un~ Location - Miami, Florida, City Piers

numbsr Group A - near shore on S &ide of 5 pier

ed Group 3 - Near outer end on 5 side of 3 pier

Group O - Near outer end on N side of 5 pier
Exposure - Littls wave or ocurrent action.

Condition of Water — Sea water, probably medsrately palluted b:,r
domestic sewage. Olly scum found on pllss.

Mzan Tidsl Range - 1.5 feet.

Construction - Built latter part of 1925. Driven into mad, sand
and soft rock. 8and and rock both consisted largsly ef
shells., Bagkfill of sams material.

Marine Life - Chi=fly oysters.

femarks — Piles pulled in 1936, about 10 years after installation.
Deta on measuremente of entire lengths given in Table 2,

7 Location - Fort Pierce, Florida, W bank of Indian River, City pisr
bulkhead 130 fest N of highway bridge across Indian River.

Bxnosure -~ Waves in Indian River, fsteh 1/2 mile.

Marine life - Oyster, barnacles and green algae,.

Maan Tidal Rang& - 0.7 feat.

Condition - By 11.3 years, holes in webs at elevation 2.5 feeb, age
-17.2 years, large areas of webs complstely gone down to

- elsvation +1.5 feat,
g Location - Jacksonville, Florida, & miles NE of Jacksomville on N

bank of Broward River. near confluenge with 5t. Johns
River, Brooks Scanlon Lumber Comparmy b_ulkb,ea.d.

Exposure - Small waves of 5t. Johns River.

Condition of Water - Salt water diluted with fresh watsr, polluted
- by domestic sewags.

Mean Tidal Renge - 2 fast.
Condition - 8y 22 ymars, tops of piles reduced to lnife-edge
thickness (piles pulled shortly thersafter).
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Group

Humber

9

10

11

Location - Jacksonville, Florida, E bank of WeCoys Creek near con—
Tluence with 5t. Johns Hiver &0 feat from S end of mulk-
head.

Steel - Copper bearing.

Exposure - Not exposed to waves.

Condition of Water - Sse Oroup 8 preceding. Pollution also by dissel
oil.

Mgan Tidal Eange - 0.9 fest.
Cover - Hoth sides expossd to atmosphers.
Painting - Asphalt paint previous to installation.

S
Condition - By & years, paint cempletely gons, age 17.3 ysars, 1/16
inch eof rust on backs ¢of piles.

Location — Jacksonville, Florida in same bulkhead as Group 9 bub
90 from 5 end.

Steel - Copper baaring

Covar - Exposed on front only.

Fainting — Original =sphalt coating remained in good condition under
a heavy conting of oil (pollutdon) through the 3d inspection,
age 17.3 years.

Location — Jacksonville, Florida, W bank of 5%, Johns Hiver near
17th Strest and Talleyrand dvenue, Municipal Terminal bulk-
head.

Exvosure - Not exposed to waves.

Condition of Water - Sea Group 8.

Marina Life - lst inspesction, age 19 years non=. 3d inspection, =ge
30,3 years, barnacles and green algas.

Maan Tidal Bange - l.4 feet.
Painting - Shop coat and repainting several times previous Lo 1st
inspsction, none thereaflter,
F Fs
Condition - At 19 years, no rus%, at 30.3 years, heavy rust.

b=




Group
Number

12 Location — Charlaston, S. C., W bank of Shipyard Creek, downstream
(3) end of Gulf 0il Corporation whart.

cxposure — Nobt axposed to waves.
Condition of Water — 321t water dillubted with fresh water, polluted
with domsstic sewapge, also alfected by fill of disecarded

bricks {rom scid btowers of adjapent fertiliser plant on
downstream side, Hy3 escaped lrom backfill,

Mzrine life - Heavy growth of oysters and barnacles.

Msan Tidal Rangs - 5.3 feet,

Painting - Shop soat of acid-fres tar, 1 coat of black paint after
driving. By 7.2 years, paint gone except near top of piles,
age 16.3 years, paint entirely gone.

Gondition — By 16.3 years rust about 1/4 inch thisk, stesl badly pitted
in zone below H. W.

13 location - Charleston, 5. 0., 500 feet upstream from OGroup 12.

Condition of Water - Same as for Group 12, oil scum noted at 3d
inspection.

14 location - Charlsaton, 5. 0., 1,000 feet upstream from Group 12.

15 Location - Charleston, S. O.,E side of Ashley Aiver at entrance to
Municipal Yacht Basin.

Exposure - Not exposed to waves.

Marins Life - Oysters, barnacles and pgreen algas.

Mean [idal Range - 5.2 fast.

Condition - Plles second hand, badly rusted when installed, rust
about. 1/2 " thick. By 5.2 years after installationm,
large holss in upper part of piles. Age 11.2 years,
upper 2 feet of webs gone, 3/4 inch holss previously
drillsd in LW zone enlarged to 2% inch diametar.

16 Location - Kure Beach, M. C,., Ethyl-Dow Chemlcal Company intake 13
feat wide x 200 fest long betwsen 2 gelluar jettiass,
180" f»om ocean end on intake side of 5 jetty.
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Group

Humber

19

20

21

Exposure - Not exposed to waves. OSome currents, piles possibly subject to

abrasion by moving sand.

Condition of Water - Normal sea water. Heavy deposit of salts on piling.

Marine Lif'e - Mussels, oysters, seaweed.

Maan Tidal Range - 4.2 fest (in ocean).

Locstion - Kure Beach, N. C., Zthyl-Uow Chemical Company stilling
basin B0 feet square W of intaks, 5 wall of basin near
E end.

Exposure - Not exposed to waves or high water velositias.

Marine Life - Heavy growth of oysters, bartiacles, mussels and algze.

Painting - Coat of primsr and 3 eoats black paint 2 ysars after in-
stallation.

Condition - Age 3.5 years, paint good. By 6.5 years, paint being
forced off by scale, rust about 1/4 inch thick, piling
exposed to water on both sides dus to enlargement of basin.
Back side unpainted, covered with heavy rust. Piles re-
moved before 3d inspection.

location — Fure Beach, N. 0., Sthyl-Uow Chemical Company, nsar center
of 5 wall of stilling basin.

Painting - Water sida painted with 4 coats aluminm paint. Histery
same as for (Oroup 17.

lLocation - Kure Beach, N. C., Ethyl-Dow Chemical Compsny, baffle
wall just B of screens on W side of stilling basin.

Marine Life - Barnaclss, mussels, oysters and ssaweed.

Location - Mure Besach, N. C,, Lthyl-Dow Chemical Company, near center
of N wall of stilling basin.

Marine life — Barnacles, mussels, oysiers and algae.

Location - Kure Beach, N, C,, Ethyl-Bow Chemical Company whar{ on E
bank GCape Fsar Hiver.

Bxposura — Small waves.

A6



droup
Humber

Condition of Water — Salinity varies from sea water when fresh water
rmoff is low to moderate dilution. Waste products of
bromina extraction process discharged 150 fest dewnstream
caused water %t be moderately acid. p H in 1940, 7.2 to
7«6 at surface, 3.1 to 3.2 at bottom.

Marine Life - Light growth of barnacles at the bottom.

Mean Tidal HRange - 3.9 feet.

22 Location — Wilmington, N. C., W bank of Cape Fear River, Corps of
Engineers bulkhsad.

Exposure - Hot sxposed to waves.

Condition of Water - Fresh except during periods of extremely low
runoff. 0il socum below HW line., High sulfur content in
water precolating through cinder backfill.

Mean Tidal Range - 3.2 fest.

Condition - By age 11 years, corrosion about holes previously drillsd,
from which plugs had been loszt.

23 Location - Point Pleasant, New Jesrsey, 5 wall of channel at Manascuan
Inlat,.

Exposure — Heavy waves gt times.
Marine Life - Chiefly mussels.
Mean Tidal Range - 4 fest.
Condition — Piles removed in 1940.

24 Lecation - delmar, New Jersey, Shark River, outer wall of N pisr of
Yacht basin, 60 fest from end.

Exposure — Small waves only.
« Marine Life - Barnaclss and mussels.
Mean Tidal Range - 4 fest.

Cordition - Plles removed in 1940.

Painting - Asphelt type paint when installed. At & years, being
forced off by rust, by 14.7 ysars, completely gone.
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Group

Thamber

25

26

28

29

Location - Herrison, New Jersey, Passalc River &5 miles above mouth,
tulkhead of Otis Elsvator Company.

Exposure - Not expossd to waves, oJubstantial tidal and [resh water
gurrentas

Oondition of Water - Variable salinity, heavlily polluted with
domezbtie and ipdustrisl sewace.

Mzrima Lifa - Barnazelas and mussels.
Mean Tidal Range - 5 fest.

Painting - Tar coating. At B years good condition on npper parts,
but nearly gone oear waler line.

Location — New Iork, Wew York, Harlem Hiver at foot of 153d
Straﬂt-

Exposure - Not exposed to waves, Tidal currents substantial.
Conditien of Water - Moderately diluted polluted sea water,
Mean Tidal Range — 4.9 feet.

Location - Brooklyn, Wew York, Gowanus Creek at foot of 24th Street,
slip of Todd Ory Dock Enginsering and Hepairing Corporation.

Steel - Copper bearing.

Exposure — Not exposed to waves.

Conditian of Water -~ Modarately diluted polluled sea water.
Mean Tidal Range - 4.4 feet.

Location - Brooklyn, New York, Erie Basin, Robbins Dry Dock of Todd
Shipyards Corporation.

Exposure - Not exposed o waves.
Sondition of Water - Moderately diluted, polluted ssa water.
Mean Tidal Ranze - 4.4 fest.

location - Queens, New Yark, Hewtown Creek, wharf of Hationazl Sugar
Refining Company.

Exposure - Not exposed to waves. Supstantial tidal currents.
Condition of Water - Moderately diluted, polluted sea water.
Palinting - Traces of asphalt paint on piles.

Usan Tidal Range - 4.2 feet.
A4



Group

20

33

Location - Long Island City, Cueens, New York, about 2 miles above
mouth on Newbown Creek, wharf of Meehan Bullding Materials
COmparny «

Exposure — Not exposed to waves.

Condition of Water - Moderately diluted, polluted sea watar.

Mean Tidal Range - 4.2 feat.

Location - New York, N. Y. East River, N side of Rilkers Island, New
York Citg Department of Oorrection.

Exposure - Wavds in East River, fetch 1/2 mile, strong tidal currents.
Condi tion of Water - lModarately diluted, polluted sea water.
Mean Tidal Range - 6,3 feet,

Location - Island Park, long Island, New York, Heynolds Chammels,
bulkheads of Petroleum Heat and Power Company.

Exposure - :lot exposed to waves. OSubstantial tidal ewrrsnts.

Condition of Water - lModerately diluted sea water.

Marine Life - Green algas and barnacles.

Mean Tidal Range - 3.9 feat.

Painting — Painted at age 6 years with red lead and a paint of which
the base is 2 metal ester of a polymerized cil. Paintedat
age 11 years., Paint in poor condition at 8.2 years. Paint
being forged off by heavy rust seales by 16.9 years.

Location - Canoe Place, long Island, New York, west wall of
Shinnecock Canal nsar lock.

Stzel - UDopper bearing.
Exposure — HNot exposed to waves.
Marine Life - Barnacles and sea fern.

Mean Tidal Hange - 0.3 feeb, larger chanses due to metsorological
gonditions.

Fainting - At age 5 years, painted with red lead and zsphalt paint.
Nearly gune by 15.2 ysars.
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Group

Number
34 Location — Roslyn, Long Island, New York, Hempstead Harbor, Wel-
bridge Boat House.
Exposure - Not exposed to waves.
Condition of Water - Moderately dilubed, pollubtsd sea water.
Marine Life - Barnacles and green algae.
Mean Tidal Range - 7.3 feet.
Painting - Red lead and a gray paint when installed.
35 Location - @lan Cove, long Island, New York, N side of entrance to
dlen Cove Creek from Rempstead Harbor.
Exposure - Not axposed to waves. UWoderate tidal gurrents.
Condition of Water - Moderately diluued ssa water.
Marine Life — Barnacles.
Mean Tidal Range - 7.3 feet,
36 Location ~ 3len COove, Long tsland, New Ifork, nsar imer end of
same bulkhead as Group 35.
Qover - Backfill does not extend zbove L.W,
37 Location - Gresnwich, Uonnesticut, E. side of Ureenwich Harber,

wharf of Maher Brothsrs Corporation.
Exposure - Very small waves and currents only.
Cordition of Water - Mederataly diluted, pollutaed sea water.
Mayine Iife - Barnzeles and mussels.
Mean Tidal Range - 7.4 fest.

Painting - Shop coat, gone by 13 years.,
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Oroup

Number
38
39
40
41

Location - 3tamford, Connectleut, W side, W. Branch, Stamford Harbor,
wharf of Genovese Coal and Masons'! Material Company.

Exposure - Littls affected by waves and ecurrents.

Condition of Water - Moderately diluted, polluted sea water.
Msan Tidal Range - 7.2 feet.

Painting - Original field coat in poor condition by B years.

Location - Stamford, Conmecticut, E side, W Branch, Stamford Harbor,
wharf of Stamford Gas amd Electric Company.

Bxposure - Little affected by waves. OSubstantial tidal current
Condition of Water — Modsrately diluted, polluted sea water.
Marine Iife - Barnaoles and mussals.

Mean Tidal Range - 7.2 fest,

Painting - Coat of eoal tar applied at age 1 year in fair con-
dition at 3 years, nearly gone by 12 years.

Location - Stamford, Conneoticut, 125 fset N of Group 39.
Exposure - Slightly affected by waves and currents.
Condition of Water - Moderately dilwted, polluted sea water.
Marins life - Barnacles, mussels and oysters.

Mean Tidal Hange - 7.2 feet.

Painting - Coat of coal bar applied at age 12 yedrs.

Remarks — Piles pulled in 1941, 18 y=ara after installation. Data
on measurements of entire lengbhs given in Table 2.

Iocation + Nerwalk, Connecticut, E side Norwalk River, wharf of
Mesksr Coal Company.

Exposure - 'J-it-tla affected by waves. Some tidal gurrent.
Condition of Water - Moderately diluted, polluted sea water.
Marine Life - Algae and barnacles.
Mgan Tidal Range - 7.1 feet.
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Group
Hunbar

43

435

46

Psinting — Shop coat, coat of red lsad at age 3 years, coats of
aluminum paint at agss 5, 9 and 11 years.

Location - Norwalk, Connecticut, E channsl Norwalk Harbor, wharf
of Frederick Fialds Estata.

Exposure - Soms waves amd currents.

Condition of Water - Moderately diluted, polluted sea water.
Marine Life - Barmacles and muszssls.

Mean Tidal Range - 7.1 feet.

Painting - Asphalt paint applied after driving neasrly gone by
8 years.

Location — Bridgeport, Conmscticut, W side, E Branch, Cedar Cresk,
wharf of 5111iman and Godfrey Company.

Exposure - Nobt expesed to waves or currents.

Msan Tidal Range - 6.8 fest.

Painting - Shop coat nearly gone by 5 years.

Location - Bridgeport, Connecticut, W side, E Branch, Cedar Cresk,
wharf of Sogony-Vacuum 0il Company.

Exposure — Not exposed to waves or currents.

Mgan Tidal HRange - 6.8 feet,

Painting - Shop coat nearly gons by age 5.6 ysars. Fainted several
times with a metal psint between lst and 3d inspsctioms,

Location- — Bridgepert, bonnsctiout, wharf of United Illuminating
Company «

Expoeure - Soma waves. oubstantial t-ic‘:;sl cirrent.

Condition of Water - Moderetely diluted, polluted sea water.
Marine Life - Chiefly algae.

Mean Tidal Range - 6.8 fest.

Fainting - Noms.

Location — Devon, Connscticut, E side Housatonis River, wharf of
Gulf 011 Company.
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Group
Humber

Exposure — Mot exposed to waves. Considerable current.

GCondition of Water - Sea water, considerably diluted, especially
at times of large fresh water runoff. Hsavily polluted
by domsstic sewage and industrial wastes.

Mesn Tidal Range - 5.3 fest.

Painting - Shop coat only, little remained by 9 years.

4748 Location - New Haven, Uomnecticut, West River, wharf of American
0il Comparny .

Exposurs — Some waves and currsnts,

Oondi tion of MWater - Moderately diluted, polluted sea water.
Marine Mife - Algae and barnacles.

Hean Tidal Range - 6.3 feat,

Painting - Shop ceat only, nearly gone by 10 years.

49 Location - New Haven, Connecticut, E side, W Branch, Mill River,
wharf{ of United 11luminating Company.

Exposure - lot exposed to waves or appreciable surrents.
Condition of Water - Moderately diluted, polluted ssa water.
Marine Life - Algae and barnacles.

Mzan Tidal Hange - 6.3 feset,

Painting - Asphalt paint every 2 ysars to 1937, age 9 y=ars, not
painted thereafter. Paint in poor condition by age 12 years.

50 Location - New Haven, Conngcticut, E side Mill River, City Playground
bulkheads.

Exposure — Litile affected by waves or currenis.

Cendition of Water - Moderately diluted, polluted sea water.
Uarine Life - Algze znd barnacles.

Mean Tidal kange - £.3 feat.

Painting - Hene.
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Location — New Haven, Commecticut, & side new Haven Harbor, bulk-
head of T, he Ds Joneg and Company.

Exposure - Scma waves and carrents.

Condition of Water - Moderately diluted, polluted sea water.
Marineg Life - 4lgas.

Mean Tidal Eange - 6.3 feet.

Fainting - Asphalt paint at age 2 years and with red lsad and
varmish residue every 2 wears during inspection perioed.

Lecation - Branford, Yonnsctiout, W side Branford iver, wharf of
Malleable Tron Fittings Company.

Steel - Copper bearing.
bBxposwre - No waves, minor tidal currents.

Condition of Weter - Moderately diluted ses water. Pickline acids
discharged nsarby until 1939, age 5 ysars.

Marine Life - Alpas and barnaelss.
Mgan Tidal Range - 5.9 fest.
Painting - Painted when installed, 1little remained by 3 ywars.

Location — Widdlstown, Commsctient, W bank Comnnecticut River,
wharf of Cennescticut Fower Company.

Steel - Copper bearing.

Exposure - No waves, Currents vary with volums of fresh water dis-
charge.

Condition of Vater — Almost fresh, probably minor intrusions of
salinity at low river stages. Heavy pollution by domestic
sewage and industrial wastes reducad between 1937 and 1940.

Mean Tidsl Henge - fbout 2 feet, but larger fluctnations of level
are cauzed by varistions in discharge.

Painting - Shop coat nearly gone by 5 years.
location - New Landon, Uonnectiout, W sida Shaws Cove, wharf of
Gz2lamari Brothers Company
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Exposwra — No waves or currents.

Condition of Water - Mederately diluted, polluted sea water.
Marina Lifs — &1pae =nd barnacles,

Yean Tidal Range - 2.5 feet.

Painking — Shop coat, Painted witn red lead and blue paint in
1537, rge 1 ye=r.

Lecation — Point Judith, R. 1., W gide of entrance to Point Judith
Pond on State Plsr Ne. 4.

Exposureg - No waves, Jtrong tidal currents in channel.
Gondition of Water - Sea water.

Marine Life - Alpae, barnaciss, mssals and kelp.

Mean Tidal Range - 3.1 feet.

Cover — The lowmer zone of measursments was covered with sand at
the 3d inspsction.

Location - Newport, Hhode Island, E side Goat lsland, lerpsdo
Station bulkhead.

Steel - Uopper bearing.

Exposure - Littlas wave action or currents.

Condition of Water - Sea watar, Fusl Cil pollution coated piles te H.W.
Yaripe Life - Brown kelp,

Mean Tidal Fenge - 3.5 fast.

Iovation - Newport, Hhode Island, & side Newport Marbor, Navy Landing
tulkimad.

Steel - Copper bearing.

Zomposure - Littls wave action or currents.
Condition of vater.- Sea water.

Marine Life - (Oreen slgse, barracles and kslp.
Mean Tidal Hanges - 3.5 fest.
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58 Location - Newport, Fhode lsland, E side “ewpart Harbor, wharf
of E. 5. Peckham Coal and Ice Company.

Exposurs - Small waves snd moderate tidal owrents.

Condition of Water - osa water.

arine Life - Algae and barnaclss.

Mgan 19dal Ranga - 3.5 feat.

Painling - Nons

59-60 location — New Bedford, Massachusetts, E side of Fish lgland, 59 and

60 on E and W sidas respeatively of wharf{ of David Duff
and Sons. :

Erposure — Sm3ll waves and light currents.

Condition of Water - Sea water,

Marine Life - Algae and barnaclas.

Mean [idal Range - 3.7 fest.

Paimting - Asphalt paint every year.

61 Location - New Bedford, Massachusetta, W side of herbor, N side
whar{ of New Buydford Gas and Edison Light Company.

Exposure — Little wave action., Some tidal currenus.,
Condition of Water - Sea watar
Mean Tidal Ranga — 3.7 feel.

Fainting - Dipped in coal tar befors driving, <eatfng aluost gone
by 14 years,

2 Logation — Woods Hole, kassachusetts, W side Little Harbor wharf of
U. 8. Cosst Guard Lighthouse Depat.

Steel - Cepper bearing.
Exocgurs - Soma wave action. Minor tidal gurrents.
Merims lifg — Gresn slgae and barnscles.

Mean Tidal Hange - 1.5 Test.
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Painting - Annually with red lead to 1935, age 4 years, asphalt
pednt in 1936 and 1937, none thereafter.

63 Location — 3Journe, lMassachusetts, #W side Cape Uod Canal, wharf
of State Fisr.

Steal - Copper bearing.

Exposure - Not exposed to waves or currents.

Qordi tion of Weter - ez water.

Marine Life - Barnacles, gray algase, mussels and kelp.
Mean Tidzl Zange — 4 fest.

64 Location - doston, Massachusetts, W side Boston Light Station
outgide entrance to Boston Harber.

S%teal - Copper bazring.

Exposura - sxposad to minor waves from W. Subsbtantial tidal
currants.

Condltion of Water — 3ea watar,
WMarine Life - Hesavy growth barnscles and graendlpae.
Maan Fidal Range - § feet.

Fainting - Hed lead after driving, dlack paint anmally over
barnacles and rust until 1941, age 9 y=ars.

65 Location - Bosbon, Massachusetis, Army Base bulkhsad on haserved
Crannel near L Stresst brldge.

Exposure - Little wave or current action.

Condition of Water — Sea water polluted by industrial waste,
Hs3d gacaped from backfill,

Marine Life — Algae and barnzcles.
Wean [didal Hange - 9.4 [eat.
Painting - Asphalt psint when installed.

66 Location - Boston, Massactmsetis, E end Army 3ase bulkhead on Main
Channel.
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dxposure - Some waves and tidsl currents,

Condition of Water - Sea water, polluted by industrial waste.
Marine Life - Algae, barmacles and seaweed.

Mezan Tidal Range - 9.4 fTeet.

Paintifhg - Asphalt emulsion paint after driving.

Location — South Hoston, Massachusetts, 5 sids Reserved Channel,
bulkhead of White Fuel Company

Exposure - Not exposed to waves or currents.

Condition of Water — Sea watar, polluted by industrial waste,

Marine Life - Algae and barnacles.

Yaan Vidal Rangae - 9.4 fest.

Condition - Heavy deposit of ced8l dust on piles, 25 thisk as 2.5
inches mean tide szone. Strome flow of water from holes
in L.W. zone. Plugs had fallsn fron some holes drilled
at 1st inspection and holes had about doubled in size by
age 12 ysars. By ege 12 years a hels abou% 1 foot x
1.5 foot at elevation 3 was found where web of pile bhad
rusted through. It was not near any drilled hols.

Location.- Chelsea, Massachusebtts, N-side Chelsea Hiver, wharf of
U, 8. Coast Gusrd (lighthouse depot).

Exposure - Littls wave astion, WMinor tidal currentis.

Sondition of Vater — Sas water, grease, seum =2nd oil on surface.
Marine Lifs - Algae and barnacles.

Maan Tidal Range - 9.8 fest,

“adnting - Red lsad when installed (1934) and black paint 1937.

Location — Charlsstown, Hassachusetts, S side South Mystic Hiver,
whari of Glendale Uosl Vompany.

Exposure - Little wave or current zctlon.

Condltlon of Water - Sea water, polluted with industrial waste,
scum =nd grsase on surlace.

Marine Life - Algae, barn=cleg and ssawsed.
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Megan Tidal Range - 9.7 feet.

Cover - Piles are in {ront of granite reiaining wall; no fill in
back; water has fres access to back of piling

Location - Lynn, Massachusetts, SW side of slip of Lynn lias and
Elsctric Company, 100 feet from outer end.

Steel - Copper bearing.

Exposure — Not exposed to waves or currents.
Condibtion of Water - Bea water, oil pollution.
Marine Life - Algse, barmgles and kelp.

Mzan Tidal Range - 9.2 fest,

Painting - Shop coal of acid-free tar was gons by 1st inspection
age £ years. '

Location - Salem, Massachusstts, bulkhead of Sslam Electric Light
Company s

Zxposure — Not exposed to waves or currsnts.

Oondition of Water - Uea water pollubed with industrial waste.
Hot water from plant falls into rivar 8 feet upstrsam
from pAling. Water Lemparatures at piling in summer
were '/BY and B8° F,

Marins Life - lloss.

Mean Tidal Ranga — 9 feat,

Location — Portland, Maine, 5 side Fors River, SW side wharf of
U, 5, Coast Duard (lighthouse Depot) 210 feet from
ghore end of bulkhsad,

dteel - Uopper bearing.

Expesure - Little vave or current action.

ondition of Water - S2a water, polluted by sewage snd industrial
waste.

Marine Lifs - Barmicles and periwinklss,
Mean [Hidal Range - B.9 feat.
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Painting - 3sverzl types 1932 to 1935, crankcase oil in 1935
and 1936, asphalt emulslion in 1937, none thereafber
during inspection period.

Logation — Portland, Mains, 5 side Fore River, SW side upstream
pier of 1, 8. Loast Guard (Lighthouss Depot) 69 fest
from shore end.

Steel - Copper bearing.

Exposure — Small waves and light currents.

Condltion of Water — Same as Group 72, W8 esScaped from backfill.

Marins Life — Oreen algae, barnacles and kelp.

Painting - Same as Group 7R.

Location - Portland, Marine, 5 side Fore River, ocuter end of up-
strean pier of U, 5, Coast Guard (Lighthouse Depot).

Steel - Copper baearing.,

Exposure — Wave action from M& through.river mouth. MNoderate tidal
cwrrents.

Condition of Water - Same as Sroup 73.
Marine Lifs — Sam& as Group 73.
Painting - Sama as Group 72.

Location - Portland, Maine, S side Fore River, between piers of
U. S. Comst Guard (Lighthouse Denot).

Stesl - Copper bearing.

Zxposure - Nob exposed to waves or currents.

Conditdon of Water — Sams as Oroup 73.

Merine Life - Same ms Group 73.

Painting — Dame as Group 72.

legation - Portland, Maine, 8 side Fore hiver, NE side upstream
piar of U, 5. Coast Gusrd (Lishthouss Depot), 150 feet
from shore snd.

Stesel - Copper bearing.

420
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Exposure - Wave action from NE through river mouth. Some tidal
gurrants,

Condition of Watsr — Same as Group 72.

Marine Iife - Chiofly green algae and barnacles.

Painting - Sams as Group T2.

Location - Portland, Maine, S side Fore River, NE side of wharf of
U. 8. Cozst Cuard (Lighthouse Depot) 206 fest from shore
and.,

Steel - Copper besring.

Exposure ~ Same as Group 76.

Condition of Water - Same as 72.

Marine Lifs - Oreen algae and barnaclas.

Fainting - Same as Group 72.

Part 2 — Besch Bulkneads

Location — Miami Bsach, Florida, about 90 feet 5 of 224 Sirset.

Painting - Bitumirious paint when installed. A thin priming coat
was applied cold folloved by 2 heavy finishing coat
applied hot.

Condition - Heavy rust at age O years.

Location — Miami Beach, Florida, at foot of 22d Street.

Patnting — Same as Qroup 7B.

Condition - Faint nad been forced off piling by hsavy.rust by age
9 years. Webs at top of piles begimning to rust out at
age 13.3 years, were rusted out for 6 inches to 8 inches
from top by age 19.Z years,

location — Miami Beach, Florida , at foot of 30th Strest.

Fainting — Same as Group 78.

Condition — Paint had been forced off piling by heavy rust by age 9

years, Top 2 inches of webs rusted out by age 13.3 years.
A% apa 19.2 ysars top of plles wera coversd with wood

sheathing .
A-21



Group
Mhmber

gl

85

Bo

87

location - Miami Beach, Florida, 216 feet S of 44bh Street.
Painting - Same as Group 74.

Condition - By age b years, paint was being lorced off in spots by
rust blisters leaving large pits. Paint was complately
pone by ags 10.3 years, and webs were rusted out at top.
New construction prevented repesated measurements of
same piles.

Location - Bakers Hanlover, Florlda, bulkhead S of inlst, respectivaly
_ in return at S end, 420 fest and 190 feet 5 of inlet.

Sand - Madian diameter 1.1 to 1.4 mm. about 90% shell.

Condition - At age 9.3 years, flanges were almost completely rusted
out. Shortly thersafter, storm waves bent over or broka
off webs of many piles lsaving interlocks standing 3 feab
or ¢4 Ceget above remainder of piles. A new bulkhead was
bullt in front of the old ome for 300 feet 5 of the inlet
and ths intervening space filled with concrete. By ags
19.5 years, the top J feet to 4 feet of webs in return
wall (Group 82) were completely rusbted out. The new bulk-
head in front of the old one was destroyed by undermining.

Location - Hollywood Beach, Florida,

Condition - At 2d inspection, age 14.5 ysars, holes ware rusted
through piles. GHust about 1,/2 inch thick. By 3d
inspaction, bulkhead had been incorporated in a conocrate
seamall,

Location — Falm Beach, Florida, At Falmo Way, about 0.8 mila S of
Lake Worth Inlet.

Condition — By age 7 years, a hole had rusted through 1 web. Hust
was about 1/2 inch thick over most of exposed area. By age
17.1 years, tops of many pilss were rusted away for
nearly 1 foot.

Location — Palm Beach, Florida, about 470 feet S of Anglsr Avenus and
1 mile § of Lake Worth Inlst.

Condition - Age 5.9 years, rust about 1,/2 inch thick and small holes
rusted through webs and flanges. At age 11.8 years wabs
rustad away in top 2 feet of many plles,

Location - Palm Besach, Florida, N of Monterey Road and about 13 miles
5 of lake Warth Inlat.
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Painting - 1 pils uvnpainted (88a) 4 piles painted (88b) but not
dovm as far as lowest measursd lavel (elevation 5.5 fest
MLW), .

Condition - At 3ge 7 years, peint being forced off by rust blisters,
4t ags 11.2 years no paint remained. At age 17.1 years
heavy coating of rust with many small blisbters and pits.

Location - Palm Bsaeh, Florida, foot of Royal Palm Way, about 4.5
miles S of Lake Worth Inlst.

Steel - Copper bearing.

Condition - 4t aze 7 years, numsrous large blisters and pits; by
aga 11.2 years several inches of tops of webs yere rusted
away; by age 17.1 yesrs snd pile unprotscted by backfill
completely rusted out.

Lonation - Palm Beach, Florida, 230 fest S of Group £9.

Steal Copper baaring.

Painting - 2 pilss unpeinted (90a) and 3 painted (Q0b) with hot tar
when installad.

Condition ~ At ape 7 years coating was in good condition, by age
17,1 years zlmost completely gons,rust about 3/8 inch
thick and top 6 inches of wsb rusted out.

Location - Palm Beach, Florida, 73 fest N of Bl Brave Way and
about 5.3 miles § of lake Worth Inlet.

Steel -~ Copper bsaring.
Condition - Little Tust ab ages 7 ysmars; heavy rust by age 11,2 years,

rust 1/2 insh thick by age 17.1 years. Marks om piling

at age 7 jears Jindicated previous sand glevations to about
12 f=et LW,

Location - Savannah Bsach, Tybee Island, Georgla, bulkhead at Fort
SCreven.

92 - 84 feet N of 1st groin from 3
93 - 250 feet S of 2nd groin

g4 - Just 5 of 2d groin

95 - Just N of 2d groin
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66 — 300 fest 5 of 3d groin

97 - Just S of 3d groin
Steel - Only 94 b copper bearing.
Cordition of Water - Pelluted sez wmter.
Condition -

92 - Tops of flanges of some piles rusted out for ssveral inches by
age 944 years, wabs of some pllss rusted out for 2 feet
from top by age 15.5 years.

93 - Rust holss in web at top of pilss by 9.4 years, web
cempletely risted out for 12 inches te 18 :Lunhas from
top in many plles by 15.5 years.

94 — Some webs and flanges complately rustad through by
9.4 years. Webs of z11 piles complately rusled away
for 2 rest from top by 15.5 years. One copper bearing
pile in this group (94b).

95 = Flange of 1 pils rusted out down to sand line oy 9.4
¥e=ars. Webs of all piles rusted out for 3 feet from
tﬂp by 15-5 ;‘,FEE..'I:‘B.

96 -~ Holas in flanges by 9.4 years, Weos rusted out for
1 foot Lrom top by 15.5 yeard,

97 - Flanges rusted out near Lop and some holes in weba. by
9.4 years. Webs rusted out for 1 foot from top by 15.5
FEATrS .
98~99 Location — Deal, New Yerssy
G8 - Near Rossld Avenus
99 - hbout 1,000 feet S of Sroup 9.

Exposure - Lkxpossd to ocean wave action.

100 Location — Sea Bright, Hew Jriaey,- about 1,000 fest 5 of Rikers
Bagin,

Exposure - Exposed to ocsan wave action. Riprap in front of bulk-
head, also in backfill.

Condition - Pilss rusted through &t sand line, elevaticn 4 feet
MW, 2nd flanpgess from sand line to slevation B8 leet
MLW by 16.6 years.
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101~ Loeation - Southampton, Long Island, New York
= 102 - W of Halsey Lane
Exposure - Exposed %o ocean storm waves,
Oondition - Measurement zons covered with sand at 24 inspection.
103 Location - Shoreham, Long lsland, New York.
Steel - Coppsr bearing
Bxposure - Hxposed to storm waves of Long Island Sound.
Painting — Hed lead and aluminum paint when installed.
Beach Material - Grawel.

Part 3 - Oroins and Jettiss

104- Lpcation — Clearwater Bsach, Flordda, Carlouel ¥acht Club.
s 104-105 - 3d grein from 3.
106 - 6th groin from S,
Steel - Copper bearing
Exposure - Oull storm waves.
Beach Material — Fine sand, 5 to 15 % shell.
Mean Tidal Fangs — 1.8 feet

Condition - 3sach built up by groins, which sines serve only to
retain accumulated sand.

107- Location — Miami Beach, Florida, groin at foot of+22d Street.
109
zposure - (Ucoean waves.

Mean Tidal Eange - 2.5 feet.

Marine Life - Group 107, barnacles at elsvation 1.8! MLW.
Group 109, barmacles and sabellaria,

Gonstruction - Groin 200 fest long, creoscted timber wales.and brace pilss,
Beach Material - Medium sand, 68% shell.
Painting - Sams as Group 78.
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Condition - 107, paint in good condibtion at 9 years, except
sqom‘ad off at elevation 0.9 feet MLW. Paint in good
condition at 13.2 years.

108, paint almost complebely guna and rust up to 1/4
iuc:h thick by 13.2 years.

109, scome paint remained at 13.2 ysars, nons at 12.1
years,

Location - Miami Beach, Flarida, groin at foot of 31st Strest.
Exposure — Ocean waves.

Beach Material — Medium sand, 79% shell

Mean [idal Range — 2.5 fest.

Mzrine Life - Group 111, barnaclss and sabellaria at 2d inspection,
barpacles only at 34 .

Construction — Langth 200 [set.

Pafnting - Same as Jroup 78.

Condition - 110, paint gone, ueavy rust by 13.2 years, rust up o
1/2 inch thick by 19.1 ysars., Messursment wone coversd
by sand after lst inspection.

111, paint gone, heavy rust by 19.1 years. Holes in
flsnges by 13.2 years, holes larger and soms webs gone
by 19.1 years.

Location - iami Beach, Florida, groin 200 feet W of 43d Strast.

Exposura — Ucean waves,

Beach Material - Coarse sand, 93% shell,

Mgan Tidal Range - 2.5 fest

Marine Life - Group 113, barnacles at upper zone at 10,2 yesrs.

Fainting - Same as Group 78.

Construction — Langth 200 feet.

Condition — Grouvp 112, paint good at 6 years.

Group 113, some paint remained at 10.2 years, none st

16,1 years. BSamd covered piles at 16.1 years.

Location - Bakers Haulover, Ilorida, groins in front of bulkhsad 3
of inlst,
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Exposure - Ogcean WaVES.
Mzan Tidal Range — 2.5 fest.
Built - 162627

Construction — 35 piles each, shore end & fest MLW, outer end 1 foot
ML,

Condition — By 7.5 years flanges and some wabs ofouter 14 to 18
pllse pone for 2 fuel or more sbove sand line. By 9.3
years, an sverage of 9 piles per proin completely cut
of £, next 14 piles from outer epd were damaged from
complate loss of flange and web to some holes in flanses.
Tamdward 12 piles still whole. Metal pelished by sand
above sand line. By 13.7 years only 5 plles per groin
rvemained; thess were badly corroded. Average web thick-
ness of tep of 14th pils from bulkhead of 1 groin at 9.3
years, 0.291 inchss, Heles baginning to appear in flanges
of this pile near sand line. Thickness of top of 21st
pile at 9.3 years, 0.363 inches. Holas sppearing in web

f this pila about 3 feet from top.

Location — Palm Beach, Florida, groin at Bl Playa Way, 13 miles S
of Lake Worth Inlst.

Exposure - Ocsan waves.

Beach Material - Coarse sand, 70% shell.

Mean Tidal Bange - 2,8 feet.

Maring Life - Algse, barnacles snd sabellaria.

Qonstrction - Used piline.

Condition - By 7 years holes extending from sand line upward about
2 feat in 3d to 43d piles {'rom bulkhead? Mo holes in webs
beyond 434 pile. By 11.2 years, all webs gone from
sand lins upward bto about 2 fest. By 17.1 years webs
of piles rear bulkhead almost complately rusted out.

Looation - Palm Beach, Florida, groin at Sunset Avenue asbout 3.6
miles S of lake Worth Inlet.

Beach Materisl — Medium sand, 5638 shell.

Condition - By 5.4 years piles were completely cut off in a section
of groin 40 fest long, heoles in Pflanges 110 feat from
shore end., Timber sheathing placed on groin after 1lst
inspecetion intact after 8 years,
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*Llogation - Palm Beach, Florlda, groin 220 feet VN of Sunset Averms.

Condition - By 5.3 years heles in flanges starting about 115 feeb
from bulkhead, increasing in size ssaward. At about
145 feet to 185 fest piles completely cut down. Part of
groin including Group 119 covered with timber sheathing
efter lst inspection. ©Sheathing in good condition after-
about 8 years., Rust on unshsathed piling 1/4 inch thiek
at 15.4 years,

location - Palm Besch, Florida, groin at Hoyal Palm Way, aboub 4.5
miles S of lake Worth Inlet.

Beach Material - medium sand, 60 to TR% shell.
Marine Life — Barnacles and sabsllaria.

Censtruetion — In August 1939, forms wers placed against sides of
piles and f1llsd with concrete betwesn forms and webs
for section from 35 fest to 103 fest from bulkhead.

Condition -~ By 1.7 vears dat 110 feet from bulkhead flanpes were
gone from ares MIW to +2 fest. By 11.8 years, the top
20 inches of piles bsyond the concrate werae supported
only by their lnterlocks.

Location - Palm 3sach, florids, groin 3 of OUnondaga Avenue, aboub
2,500 feet § of lLeke Worth Inlst,

Group 121 - 26 feel from bullhead.
Oroup 122 - &7 fesi from bulklead.
droup 123 -~ 136 fast from bulkhezd,

Beach Material - Mediwm sand, 20 to 59 % shell. Arbificial 111
placed near groin in 1944.

Construction - Length 151, ereoscted timbar walas.

Conditien — Group 121, covered with sand at each inapection. ZRust
about 1/8 inch thiek.

Group 122, painted with several typas of palnt when
built, most paint gons in 6 months, apparently worn off
in bands 3s sand line shifted up and dewn.

Oroup 123, heavy growth of barnacles, sabellaria and
plant life.

A% 110 feet from bulkhead 10 piles had holes in flanges
by 5.3 years. Some holes extended from sand line upward
2 Taat,
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124~ Loeation — Palm Bsach, Florids, groin between Angler Avenue and
126 Egplanade Way, aboubt 3,050 feet 5 of Lake Worth Inlet.

Group 124 - 23 feet from bulkhead.
Group 125 — 53 fset from bulkhsad.
Group 126 - 145 fest from bmlkhead.

Beach Material - Medium sand, 41 to 56% shell,

Construction — Lensth 201 feet. Desp arch piles, Urcosoted timber
brace pilss and walss,

Condition - Group 124, rust about 1/2 inch thick by 3.3 years.
Group 125, rust about 1/8 inch thick by 9.3 years.
Group 126, growbth of barnacles, sabellaria and plant
life. Holss in some webs by 9,3 years, &t 85 fest
from bulklesd, holess in flanges of 10 piles by 5.3 years.

127- Location — Falm Beach, Florida, groin at Angler Avenue about 3,700
129 f2at 5 of leke Worth Inlat.

Group 127 - 22 feat from bulkhesad.
Group 128 < 57 feet from bulkhead.
Group 129 - 87 fest from bulkhead,

Baach laterdial - ledium sand, 39 to &64% shell.

Construntion — length 180 feet. Crsoscted timber bracs piles and
vales.,

Oondition — Jroup 127, badly pitted by 3.4 years. Rust about 1/8 dnch
thick by %.3 years.
Group 128, webs of several plles completely rusted out
in measuramant “one by 9.3 years.
Croup 129, prowth of barnacles, sabellaria and marine
plants. debs of several piles completely rusted out at
elevation 0,5 feet MLW 2nd holes in a11 piles sgawsrd of
this group by 9.3 y=ars.
Hole in web of 1 pile 48 feet from bu_'r_lrhead by 5.3 years.

130- Location - Palm Beach, Florida, groin N of docking 3ird Terrace, about
132 54550 feet S of Lske Worth Inlet.

Group 130 - 9 fest from bulkhead,
Group 131 - 68 fest from bulkhead.
Group 132 - 111 feet from bulkhead.

Beach Material - Coarse ssnd, 42 to 77% shell.

Sonstruction - Lenzth 180 feet. Oreosoted timber wales and 2 inches
by 12 inches sheathing from 128 feet to BB feet from bulk-
head.
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136~
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Condition - Group 130, piles badly pitted by 3.4 years.
Group 131 , sheathing almost completely worn oub =nd
hels in 1 pile at elevation 0.7 fest MLW by 9.3 years.

Group 132, growth of barnacles, sabsllarisa and plant
lifs,

Locatiien - Palm 3each, Florida, gran S of Quesns Lane, aboub
6,440 feet 5 of Lake Worth Inlet,

Group 133 - 7 fest from bulkhead
Group 134 - 5B feat from bulkhaad
Group 135 = 89 fest from bulkhead

Construction - Length 123 feet. Wales consist of 2 sections of _
desp arch stesl piling. Piles given shop coat of emulsified
asphalt, G5tesl contzined (.35% copper.,

Condition - Group 133, little paint remained and piles badly

pitted by 5.3 years.

Group 134, paint gone by 3.4 years. Heavy rust and piles
badly pitted by 9.3 years.

Group 135, growth of barnacles, sabellaria and plant
1life.

it 1l.1 years rmumsrous holes were found at elsvation
1.6 feet MIW, 47 feet from bulkhead to 0.7 fest MLW
at 65 fest from bulkhead.

Location - Savannah Beach, Tybes Island, Gsorgia, 2d groin from S
end Fort Seraven.

Group 136 - 10 fest from bulkhead,

Group 137 - 105 feet from bulkhead.
Group 138 - 147 feet from bulkhsad.
Group 139 — 247 feet from bulkhsad.

Exposure - Ocean waves.

Beach Material - Fine aﬂnﬂ,.2$ shell.
Mean Tidal Fange — 6.8 leetb.
Constructlion - Length 420 feet.
Conditicn of Water - Polluted sea waler.

Conditlon - Group 136, holas near top of flanges by 9.4 years, lsba
rusted out for about 10 inches from %wop by 15.5 years.

Group 137, growth of green algae, small barnacles and
oysters. lopa of piles deeply pitted, tut not rusted
through by 15.5 years.

Croup 138, growth of green algae, barnaclss and oysters.
Holes in piles at sand line by Q.4 years, Webs completely
pong st sand line by 15.5 years.

Group 139, hsavy growth of green algas, barnacles and
oysters. Numerous holes at sand lins and brace piles had
bean cut of I by 9.4 years.
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144~
145

Un—
umber—
ad

Location - Savannah 3sach, [ybes Island, Georgim, 3d groin frem 3
and Fort Screveti,

Group 140 - 15 faet from bulkhaad
group 141 - 44 Leat Trom bulkhead
Group 142 - 150 fast from bulkhsad
Group 143 - 247 feet from bullkhead

Construction - Length 360 feat,

Condltion - Group 140, no holes, tub piles deeply pitted and
besvily covared with rust.

Group 141, webs rusted cut for about & inches from top
by 15.5 years.

Group 142, heavy growth of green algae, oarnacles znd
oysters. File# bgginning to wear throwgh at sand line
by 15.5 years.

Group 143, heavy growth of algae, barmacles, mussasls and
oysters. Holes in webs and {langes at sand line by
S.4 years, wWebe and {lsnges gops at sand line by 15.5
Yeare.,

Location — Eure Bsach, Nerth Carelina, Ethyl-Dow Chemical Company
intake.

Group L44 on outside of N cellnlar jetty about 70 feet
from ouber snd and midway beswwsen hizh and low water lines.
Group 145 on outeide of 3 cellular Jetity, about 30 fest
from outer snd and Just landward of IN Iins.

Exposure - Ocean waves on one side only, other side covered with sand
fill., .

Mean Tidal Hange - 4.2 feat.
Seach Material - Fine sand, 7% shell.
Marine Life - Green algae 2nd barnacles.

Condition - Oroup 144, small holes in webs just above sand line by
12.4 yearsa,

Location — Cape ilay, New Jarsey, 5 grolns between Patterson Avenue
ard 3d Lvermas.

Zyposure - Ogean waves.

Mean [ida)l Range - 4.3 fest.
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Banch Matarial - Gravel and ocoarse sand.

Sonstructlion - Lencths 150 feet, 190 feet, 240 fset, 315 feet, =and
325 feet. Built 1929 of copper besring stesl plles.
Nominal thickness of web 0.281 inches, of flange (0.250
inches, Yop elevations 7.5 leet MLW at shore end, 3.5
feat At seaward end.

Condition = Heles in piles near sand line by & years. holes in-
rrasged in number and size ss5 chservations contimied
amnually threoungh 12th year,

Un- Location - Cape May, New Jarsey, 2 groins at Oonvsntion Hall and
numbe r- Hunts Pier.
ed
Construction - Length 125 feet., Suilt 1928 of coppar bearing
steel piles. lNominal thicknesss ol wsbh 0.281 inches,
of flange 0.250 imches.

Condition - Good condition at 7 years. A fow holes by 13 years.

U= Location - Cape May Point New Jersey, 1< groins setween Surf and
rumber — Brainard &venues.
&l .

Ixposure — Opsan wavyes, ica from Delaware Hay.

Beach Materdial - Gravel and coarse sand.
ligan Tidal Range - 4.6 fest,

Construc tion - Langth 168 feet. Jullt December 1931 of copper
bearinz steel pilsg. Nominal thickness of web 0.281
inches, of flange 0.250 inches. Top slsvations 10
fest MLW at shore end, 3 feet at seaward end.

Condition - Holes in piles and parhts of ouber end destroyed by
undermining or 4ce sction by 4 y=ars. By 10 years e
sectlion 30 feet lone was destreoyed in soms groins,
presumably dus to corrosion =nd sbrasion of the steal
piling, Othars had been protectsd in this region by
precast concrete bloocks in 1937 and were intact for
z length of about 75 fest. The outsr ends of sll groins
were destroyed, presuwmably from othsr causses than
¢orrosion or abrasicn,

Un~ Location — Care May Point, New Jarssy, 4 groins between Brainard and
numbar— flexander Avenuss.
ed
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Exposurs - Ucean waves, ics from Yslawsre 3ay.

Constmigtion — 3uilt Jone 1920, Lenpgth about 132 festv. Nominal
thickness of web 0.281 inch , of flange 0.230 inch.
Top elevations 10 fest WLV at shore end, 3.0 feet ab
searard end.

Condition - By 6 years meny heles in flanges from sand line np-
ward about 3 feet. Some piles logt from cuter ends.
By 12 years, the groins wers destroyed except the
lardward 350 feet of 2 groins, many holes in remaining
piteg.

Location - Manasquan, New Jergey, groin 200 fest N of Wanasguan
Inlet.

Exposure — Ugean waves.
Mesn Tidal dsrge - & feet.
Bach Material — Medium sand.

Conrlition — Sand covered location of holss on 5 side at Ist
inspection and whels groin at later inspections,

Location — Selmar, New Jarsey, jetty on § side Shark Hiver Inlet.
Exposure - Shomm waves.

Mean Tidal Range - 4 f=st.

Fainting - Black paint when installad.

Marine Life - ceavesd on lower portions.

Condition - Paint almost gone by 9 wearg. Jatity covared with
riprap 8% 3d inspecuion.

Loca tion - Desl, New Jarsey, grein at Brighton Avenue.
Steal - Uopper bearing.

ixposure - Ucean waves.

Mean Tidal Range - 4,2 fzet.

Marine Life - Gresn aleae.

Condition - Web gone by 13.7 years, Just above sand 1ime.
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149

150~
151

152~
153

Iocation — long Oranch, New Jersey, groin at Pavilion Avsnus.
Steel - Copper bearing.
Exposurs — Ucean Waves.
Mean Tidal Fanpe ~ 4.3 fest,
Beach Material - Medium sand.
Constructdion - Lengih 300 fest. Culer end covered with riprap,
By 3d inspection riprap had been extendsd landward over

mEASUrSment ared.

location - Oyster 3ay, Long Island, New York, Center lsland, gzroins
about 1/4 mile N of Plum Point.

Exposure - Minor waves of Cyster Bay. Stronz tidsl surrents.
Mean Tidal Range — 7.4 fest.
Beach Mzterial - Chlsfly gravel, medisn diameter 2.9 mm,

Construction - Length 16 feet.

Location - Asharoken Beach, Long Island, New lork.

Exposurs — laves of Long lsland Sound, fstch 20 milss to north,
60 milae to east.

“ean Tidal Range — 7.3 feet.

Baach Matarial — Cosrse sand and gravel, median diameter l.3 mm.

Paintinz - Shop coat of black paint., fepasinted outer 50 fest
with asphalt paint at age & years, Little remained
on top parts by 12 wyears.

Condition — By 7 years holes appeared at sand line. 2 inch x

12 dnch planks placed aleng sides of piles at sand
line. Sand covered lower holes at 34 inspsction.

9593 008 i
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